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A SHORT STATE OF THE ART OF THE 







determine	energy demand in the transportation sector.	 In	developing	economies,	 like	 India,	 increased	
economic	activity	leads	to	growing	income	per	capita;	as	standards	of	living	rise,	demand	for	personal	trans-







tive	vehicle and transport technologies,	combined	with	expansion	of	mass transit	infrastructure	and	per-
sonal mobility,	could	be	an	attractive	option	for	long	term	development	of	the	whole	transportation	sector.
Figure 1: Traffic stands clogged near Connaught place, New Delhi
The	reason	for	the	traffic	congestion	in	the	above	picture
is saturation of land	and	limitedness of space




be	re-conceived	and	the	following	element	needs	to	be	included:	high level transport plans, based 
on the sharing of space and  energy resources
Figure 2: Concentration of traffic in metropolitan cities of India
Delhi Mumbai
2. URBAN POPULATION IN INDIA








8Source: Oct 2011, Central Statistics Office, Govt. of India, www.mospi.gov.in
































Cars 2000 2010 Percent change 2000-2010
China 605 9,494 1470%
Japan 8,363 8,307 -1%
Germany 5,132 5,552 8%
Brazil 1,362 2,828 108%
U.S. 5,542 2,731 -51%
India 605 2,317 283%
Spain 2,366 1,951 -18%
France 2,880 1,914 -34%
Mexico 1,130 1,386 23%
UK 1,641 1,274 -22%
Russia 969 1,208 25%
Czech	Republic 428 1,070 150%
All	other	countries 10,205 11,006 8%
Total	world 41,229 51,040 24%
Trucks 2000 2010 Percent change 2000-2010
China 1,464 8,771 499%
U.S. 7,263 5,012 -31%
South	Korea 513 1,480 188%
Japan 1,781 1,319 -26%
India 283 1,237 336%
Canada 1,411 1,101 -22%
Thailand 315 1,091 247%
All	other	countries 4,685 5,226 12%
Total	world 17,717 25,236 42%
Table 1: World Production of cars and trucks, 2000 - 2010 (in thousands) and relative change (%)
Source: Ward’s Communications, Ward’s World Motor Vehicle Data, 2011 Edition Southfield, MI, 2010, pp. 265-271 and annual
Vehicles per 1,000 people









Table 2: Vehicles per thousand people in main countries or areas, 2000 and 2010
10
Therefore,	the	question	arising	is:	which level of penetration of private cars should we expect in India?
Sources: Population (2010) U.S Census Bureau, Population Division, International DataBase (IDB) World, April 18,2012; Vehicles 
(2010) U.S Department of Transportation, Federal Highway Administration, Highway Statistics 2010, Washington DC 2012; All 
others: Ward’s Communications, Ward’s Motor Vehicle Data 2011
NOTE:	Though	some	countries	are	listed	separately	in	this	table,	those	countries	are	also	included	in	the	
regional	total.	For	instance,	China	is	listed	separately,	but	is	also	included	in	the	Asia,	Far	East	region.








Vehicles per 1,000 people

















March (as % age of total vehicle population) (Million)
1951 8.8 52 11.1 26.8 1.3 0.31
1961 13.2 46.6 8.6 25.3 6.3 0.66
1971 30.9 36.6 5.0 18.4 9.1 1.86
1981 48.6 21.5 3.0 10.3 16.6 5.39
1991 66.4 13.8 1.5 6.3 11.9 21.37
2001 70.1 12.8 1.2 5.4 10.5 54.99
2002 70.6 12.9 1.1 5.0 10.4 58.92
2003 70.9 12.8 1.1 5.2 10.0 67.01
2004 71.4 13.0 1.1 5.2 9.4 72.72
2005 72.1 12.7 1.1 4.9 9.1 81.5
2006 72.2 12.9 1.1 4.9 8.8 89.61
2007 71.5 13.1 1.4 5.3 8.7 96.69
2008 71.5 13.2 1.4 5.3 8.6 105.33
2009	(p) 71.7 13.3 1.3 5.3 8.4 115.0
Note: Two wheelers with engines





Figure 5: Growth of the number of registered vehicles over the years in India





easing of supply side restraints	(delicensing	of	automobile	sector	leading	to	the	entry	of	vehicle	manufac-
turers,	lifting	of	Quantitative	Restrictions,	etc.)	parallel	to	the	increase of road infrastructures.
This	recalls	the	Braess’s Paradox:	


































































2009/1951 14.8 8.2 6.7 7.7 14.4 10.8 2.2 3.2# 4.5# 4.2# –
1961/1951 12.5 6.9 5.3 7.4 26.5 8.1 1.9 4 – – – 2.7
1971/1961 20.7 8.2 5.1 7.4 15 10.9 0 2.6 6.0 4.5 – 5.7
1981/1971 16.3 5.4 5.6 4.9 18.1 11.2 2.9 4.5 5.9 5.5 3.5 5
1991/1981 18.4 9.8 7.4 9.4 10.9 14.8 0.6 2.1 4 4.3 1.2 3
Table 4: Compound Annual Growth Rates (in %) in vehicles and road extension or length
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Yet, the growth of vehicular traffic on roads has been far greater than the growth in the road network; 







1. Calculated on the basis of data received from Offices of State Transport Commissioners / UT Admn
2. “Basic Road Statistics of India”, 2004-05 to 2007-08
Figure 6: Graph of Compound Annual Growth Rate of vehicles and road extension (length) over the years
Note: NHs: National Highways; SHs: State Highways; PWD: other Public Works Department roads
* Other include tractors, trailers, three wheelers (passenger), vehicles / LMV and other miscellaneous vehicles which are not 
separately classified. NA: Not Available, #: CAGR for the period 2008/1951
Sources:
1. Calculated on the basis of data received from Offices of State Transport Commissioners / UT Admn


































































2001/1991 10.5 9.1 6.7 8.1 8.6 9.9 5.5 3.1 1.4 3 0.6 2.1
2007/1991 10.4 9.5 9.2 8.7 7.8 9.9 4.4 2.8 4.1 3 1.6 3.5
2008/1991 10.3 9.6 9 8.7 7.8 9.8 4.1 2.8 4 2.9 1.5 3.4
2009/1991 10.3 9.6 8.7 8.7 7.7 9.8 NA NA NA NA NA NA
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Figure 7: Road vehicles sales in 2001 and 2006, India
SIAM, 2007
M&IICVs: Medium and Heavy Commercial Vehicles; LCVs: Light Commercial Vehicles; MPV: Multipurpose Vehicle (van type of 
vehicle)
Source: Society of Indian Automobile Manufacturers, Transport Energy use in India: Past Trend and Future Outlook, Ernest 
Orlando Lawrence Berkeley National Laboratory, January 2009
The	data	reported	in	Figure	7	are	in	line	with	those	published	by	EBTC	in	2012.

























Sector As percentage of GDP (at factor cost and constant prices)
Transport	of	
which
6.0 6.0 6.0 6.2 6.3 6.7 6.7 6.7 6.7 6.6
Railways 1.3 1.3 1.2 1.2 1.2 1.0 1.0 1.0 1.0 1.0
Road	Transport 3.8 3.9 3.9 4.1 4.3 4.8 4.8 4.8 4.7 4.8
Water	
Transport
0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Air Transport 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Services* 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.4
Table 5: Share of different modes of transport in GDP
Data from 1999-2000 up to 2003-04 are at 1999-2000 price / Data from 2004-05 onwards are at 2004-05 price
FISM = Financial Intermediation Services indirectly Measured / All modes include FISM; *Services incidental to transport
Source: Centra Statistical Organisation
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Figure 8: Passenger-km in transport modes, India




although transport by rail has also increased, its share has decreased from 24% to 18% during the last 













gible.	One	of	the	reasons	is	the	low	fare	war	beginning	in	2003.	The Indian carriers contribute to about a 
third of the worldwide airline losses even though they carry 2 per cent of global airline traffic. National 
Council for applied Economic Research	stressed	the	need	for	productive	investment	in	the	sector.	
[Source:	News	from	Deccan	Herald,	3	Jan	2012	http://www.ncaer.org]
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transportation energy use is projected to grow at the fastest rate in the world,	averaging	5.5%,	compared	







To underline some comparisons, some figures at European level on the dependence from oil in the trans-
portation area at the beginning of this century (EU White Book on transports of 2001, [COM/2001/0370 
def.]) estimated this value at the 98%; in the USa it was estimated at the 96% in the same period, re-
Figure 9: Freight tonne-km per mode
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duced at the 93.2% in 2010 [US Transportation Energy Data Book 2011, Ed30]). The EU White book on 




9. THE EFFECT OF PRICE
Major	increases	of	prices	since	the	90’s	have	been	affecting	motor	gasoline	and	diesel	in	India.	Energy	con-
sumption	in	the	transport	sector	is	particularly	sensitive	to	prices	for	two	main	reasons.	First,	immediate 
substitution with other fuels is not possible	until	the	vehicle	owned	has	reached	its	end	life.	Second,	trans-
port	is	necessary	but	not	always	vital	and,	when	needed,	people	tend	to	restrain	their	need	and/or	switch	to	
more	economical	or	more	efficient	–	usually	from	the	personal	viewpoint	–	modes	of	transport.
Figure 9: Evolution of motor gasoline and diesel price in India: wholesale price indexes of diesel and motor gasoline
10. GASOLINE AND DIESEL TRANSPORT CONSUMPTION
In	2004,	diesel and motor gasoline represented 90% of final energy consumed in the transport sector,	









Figure 10: Gasoline and Diesel usage over the years in India






price of a litre of kerosene was about a third of the price of a litre of diesel in 2005. The price difference 
is such that it has encouraged the use of kerosene for other purposes.
18





In 2020, the transportation sector is projected to account for 21% of total final energy use and 14% of 
















Figure 12: Passenger-km projections, India
Note:	No	comprehensive	data	collection	or	analysis	has	been	done.	The	greatest	gaps	 in	data	availability	
arise	from	a	lack	of	accurate	statistics	and	it	lacks	consistent	data	reporting	from	national	source.
Figure 13: Freight-tonne projections, India
Source: Transport Energy use in India: Past Trend and Future Outlook, Ernest Orlando Lawrence Berkeley National Laboratory, 
January 2009



















United	States 4,989 44% 5,838 42%
Canada 471 48% 595 48%
Mexico 302 77% 493 66%
OECD”	Europe 4,149 45% 4,345 48%
OECD	Asia 243 59% 522 39%
Japan 1,054 65% 1.215 47%
Australia/New	Zealand 298 38% 464 33%
Russia 2,393 33% 1.663 20%
Non-OECD	Europe 1,853 32% 1,169 25%
China 2.293 15% 6.801 159c
India 573 28% 1.462 25%
Non-OECD	Asia 811 57% 1.838 48%
Middle	East 704 70% 1,581 57%
Africa 659 46% 1,078 41%
Central	&	South	America 695 76% 1.128 71%
Total	World 21.488 42% 30.190 37%
Source: US Department of Energy, Energy Information Administration, International Energy Outlook 2011








accounting	for	20%	of	the	world	population.	India, with 17% of world population, contributed less than 
5% of the CO2 emissions.	Among	the	five	largest	emitters,	the	levels	of	per	capita	emissions	were	very	
diverse,	ranging	from	1 t of CO2 per caput for India and 5 t for China to 18 t for the United States.
Industrialised countries emit far larger amounts of CO2 per capita than the world average. However, 











Figure 14: Top ten emitting countries in 2008
Keyword: The top ten emitting countries account for about two-thirds of the world CO2 emissions 
Source: IEA
although climate and other variables also affect energy use, relatively high values of emissions per 






Figure 15: Trends in CO2 emission intensities for the top 5 emitting countries
*Size of circle represents total CO2 emissions from the country in that year.
Source: International Energy Agency, 2010
Key point: China, the Russian Federation and the United States have all made significant improvements 
in the amount of CO2 emissions per unit of GDP they emit.
22




2008. The transport sector, which was only 9% of CO2 emissions in 2008 (Figure 16, Figure 17), is grow-
ing relatively slowly compared to other sectors of the economy.
Distribution	of	fuel	use	in	the	transport	sector	in	2007	(in	PJ)	in	India	is	represented	in	Figure	19.
Figure 16: CO2 emissions by fuel in India
Figure 17: CO2 emissions by sector in India
Source: International Energy Agency
Keypoint: The bulk of CO2 emissions in India comes from the electricity and heat generation sector and 
its share is continuing to grow.
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Figure 18: World CO2 emissions by sector in 2008
Source: IEA International Energy Agency
Other includes commercial/public services, agriculture/forestry, fishing, energy industries other than electricity and heat gen-
eration, and other emissions not specified elsewhere.
Key point: the combined share of electricity and heat generation and transport represented two-thirds 
of global emissions in 2008.
Figure 19: Distribution of fuel use in the transport sector in 2007 (in PJ) in India
24
Figure 20: CO2 emissions from Transport Sector in India, projections according to present perspectives by IEA
Source: Energy Transition in India, International Energy Agency, January 2011




















2-wheelers 8.30 5.18 - 0.013 0.0040 -
Cars 24.03 3.57 1.57 0.053 0.0117 -
3-wheelers 12.25 7.77 - 0.029 0.0093 -
Urban	buses 4.38 1.33 8.28 1.440 - 0.275
Trucks 3.43 1.33 6.48 1.130 - 0.450
LCVs 1.30 0.50 2.50 0.400 - 0.100
Table 7: Emissions from Motor Vehicles in India
Sources: elaboration from Government of India and other sources
25
Figure 21: GHG (greenhouse gases) emissions from the Transport Sector
14. GENERATION OF ELECTRICITY FOR TRANSPORT SYSTEMS
Electricity	is	an	energy	vector	which	can	be	produced	by	a	large	variety	of	primary	energy	sources,	both	fossil	
fuels,	renewables	and	nuclear.	





Figure 22: Electricity generation by fuel
Source: international energy agency







































14.2  Fuel Cell Electric Vehicle (FCEV)











no-economic	performance	of	FCEVs).	The	main	beneficiary	technology	would	be	hybrid vehicles according 
to model projections.	Hybrid	technologies	cannot	compete	under	CO2	standards	due	to	the	remaining	higher	
tailpipe	emissions,	but	they	will	enter	the	market	under	energy	efficiency	standards.





[Source: elaboration from Transportation Energy Databook, US Department of Energy, 31st edition, 2012]










Figure 23: Passenger rail mobility by energy type
28
Table 8: Fuel Consumption by Indian trains over the years




















1997/98 1812.82 30.28 0.028 7137.07 1874.14 0.043
1998/99 2122.29 31.63 0.025 7299.34 1900.8 0.019
1999/2000 2216.13 31.46 0.028 7746.8 1983.43 0.01
2000/01 1975.86 32.33 0.026 7932.65 1999.26 0.004
2001/02 2079.63 31.79 0.017 8365.46 1970.72 0.003
2002/03 2361.32 33.72 0.016 9013.39 2007.99 0.003
2003/04 2160.96 33.11 0.012 9500.61 2060.4 0.003
2004/05 2182.39 34.17 0.006 10157.98 2080.63 0.003









consumption of the Indian Railways is around 2.5 percent of the country’s total electricity consumption. 
According	to	an	estimation,	the	railway	sector’s	demand	for	electricity	will	grow	by	seven	percent	annually	
and	by	2020	it	will	have	a	projected	energy	demand	of	37,500	kWh	(million	kilowatt	hour).	
15.1  Energy intensity
Table	9	reports	Energy	Consumption	of	Coal,	Diesel	and	Electricity	over	the	years	in	railways.
Energy consumption per thousand gross tonne-km
Passenger Traffic (including 
passenger proportion of mixed 
traffic)
Freight Traffic (including goods 
proportion of mixed traffic)
Year Gauge Coal (kg) Diesel (l)
Electricity 
(kWh)
Coal (kg) Diesel (l)
Electricity 
(kWh)
1998-99 BG - 5.2 20.6 - 3 8.1
MG 92.5 6 19.7 793.6 4.8 8
All 103.6 5.3 20.6 793.6 3 8.1
1999-2000 BG - 4.8 20.6 - 3 8
MG 153.4 5.8 22.9 977.1 5.4 7.5
All 201.5 4.9 20.6 977.1 3 8.3
2000-01 BG - 4.8 20 - 2.8 8.2
MG 712.7 5.8 24.3 1058.8 5.1 8
All 755.8 4.9 20 1058.8 2.9 8.2
Table 9: Energy consumption of Coal, Diesel and Electricity over the years in Indian Railways
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Energy consumption per thousand gross tonne-km
Passenger Traffic (including 
passenger proportion of mixed 
traffic)
Freight Traffic (including goods 
proportion of mixed traffic)
Year Gauge Coal (kg) Diesel (l)
Electricity 
(kWh)
Coal (kg) Diesel (l)
Electricity 
(kWh)
2001-02 BG - 4.7 20 - 2.7 8.1
MG 723.3 5.8 24.1 - 5.2 8
All 720.7 4.8 20 - 2.8 8.1
2002-03 BG - 4.7 19.5 - 2.7 8.1
MG 523 5.7 20.5 - 5.1 -
All 627.3 4.8 19.5 - 2.8 8.1
2003-04 BG - 4.5 19.5 - 2.6 8.3
MG 633.7 5.9 30.7 - 3.6 -
All 772.5 4.6 18.6 - 2.6 8.3
2004-05 BG - 4.6 19.2 - 2.6 8.6
MG 620.3 5.8 34.6 - 3.6 -
All 782.7 4.7 19.2 - 2.6 8.6
2005-06 BG - 4.4 18.7 - 2.5 8.2
MG 524.1 5.6 18.7 - 5.4 -






15.2  Diesel Oil Consumption
Table	10	reports	the	Diesel	Consumption	per	Locomotive	over	the	years.
Table 10: Diesel Consumption per locomotive over the years
Year Number of Diesel Locos
Diesel Consumption
(kilolitres)
Diesel Consumption per 
locomotive (kilolitres)
1960/61 181 62771 346.8
1961/62 228 59444 260.7
1962/63 349 98481 282.2
1963/64 486 182328 375.2
1964/65 621 245633 395.5
1965/66 727 310813 427.5
1966/67 776 365582 471.1
1967/68 892 427126 478.8
1968/69 996 486084 488.0
1969/70 1091 536301 491.6
1970/71 1169 569025 846.8
30
Year Number of Diesel Locos
Diesel Consumption
(kilolitres)
Diesel Consumption per 
locomotive (kilolitres)
1971/72 1288 626983 486.8
1972/73 1431 667414 466.4
1973/74 1610 683140 424.3
1974/75 1702 720047 423.1
1975/76 1803 797610 442.4
1976/77 1903 867330 455.8
1977/78 2025 949077 468.7
1978/79 2126 960545 451.8
1979/80 2243 992060 442.3
1980/81 2403 1067470 442.2
1981/82 2520 1179682 468.1
1982/83 2638 1227236 465.2
1983/84 2800 1313200 459.0
1984/85 2905 1335664 459.8
1985/86 3046 1440269 472.8
1986/87 3182 1536499 482.9
1987/88 3298 1595897 483.9
1988/89 3454 1652555 478.4
1989/90 3610 1678814 465.0
1990/91 3759 1712816 455.7
1991/92 2905 1731473 443.4
1992/93 4069 1741751 428.1
1993/94 4192 1783162 425.4
1994/95 4259 1819464 427.2
1995/96 4313 1847748 428.4
1996/97 4363 1859443 426.5
1997/98 4496 1874139 416.8
1998/99 4586 1900804 414.5
1999/2000 4651 1983427 426.4
2000/01 4702 1999262 425.2
2001/02 4815 1970723 409.3
2002/03 4699 2007993 427.3
2003/04 4769 2060400 432.0
2004/05 4801 2080630 433.4
2005/06 4793 2082030 434.4


























Delhi Delhi IGL 281802 121854 5389 16655 5681 431381 29.00 1706.06 2.24
Maharashtra # MGL 66552 140533 2043 3720 1188 214036 31.84 940.37 1.31
Pune MNGL 1399 12991 115 14505 37.5 35.70 0.05
Panvel GAIL 38 163 0 2 0 203 41.00 0.44 0.00
Gujarat Vadodara GAIL 984 2327 0 72 0 3383 32.05 21.89 0.02
Surat GGCL 70502 50448 2994 584 0 124528 35.25 216.23 0.31





25 0 0 1 0 26 38.00 0.10 0.00
Dewas GAIL
Gas
77 29 0 2 0 108 38.00 0.79 0.00
Gwalior AGL 50 350 0 9 0 409 46.00 0.75 0.00
Ujjain AGL 0 2000 0 40 0 2040 46.00 4.50 0.01
Infore AGL 2700 10500 0 109 0 13309 45.00 41.35 0.06
Haryana Sonipat GAIL
Gas





364 2558 0 0 18 2940 40.00 6.01 0.01
Vihayawada GAIL
BGL
566 4272 0 293 13 5144 30.00 26.46 0.04
Kakinada GAIL
BGL
46 20 0 0 0 66 35.00 0.02 0.00
Rajamundary GAIL
BGL
12 34 0 0 0 46 35.00 0.09 0.00
Tripura Agartala GGL 362 3243 0 30 0 3635 28.00 9.85 0.10
Uttar	
Pradesh
Lucknow GGL 488 6747 0 755 0 7990 39.00 56.85 0.082
Agra CUGL 50 6430 0 567 0 7047 39.00 30.46 0.042
Kanpur CUGL 3407 3618 105 847 10056 18033 39.00 57.33 0.08
Bareilly 211 3542 0 35 1009 4797 39.00 13.95 0.02
Total 439250 382299 10677 23900 17965 874091
Table 11: CNG Data
#Mumbai and adjoining areas including Thane, Mira Bhyander and Navi Mumbai
TPD: Tonnes per day
Conversion factors:
1. IGL: Indraprastha Gas Ltd. 1 Kg = 1.313 SCM of gas
2. MGL: Mahanagar Gas Ltd. 1 Kg = 1.39 SCM of gas
3. GGCL: Gujarat Gas Company Ltd. 1 Kg = 1.45 SCM of gas
4. MNGL: Maharashtra Natural Gas Ltd. 1 Kg = 1.41 SCM of gas
5. AGL: Aavantika Gas Ltd. 1 Kg = 1.33 SCM of gas
Source: Gas Authority of India Limited
32
17. BIOFUELS 






























Figure 25: EU biodiesel production vs. installed plant capacities.




The possibility of exploiting low price feedstock through innovative non-catalytic supercritical pro-
cesses,	in	addition	to	the	possibility	of	producing	higher-added	value	by-products	than	glycerine,	has been 
recently focussed on some of the authors. This development could pave the way for a wider exploita-
tion of biodiesel, and was therefore addressed in the EBTC project for the fast growing market of diesel 
engine vehicles in India.
34
17.2  Biodiesel production in supercritical conditions
Many	different	technical	options	are	currently	being	studied	for	an	effective,	cheap	and	on-spec	production	


















Table 12: Experimental test results from literature


























































1:42 none none Warabi,
Kusdiana,
Saka	(2004)


































Molar ratio Co-solvent Catalyst Reference




























350 200 47 95-
100






















250 - 8 98	88 1:41 none none Demirbas	
(2009)






350 200 12 94 1:42 none none Ilham,	Saka	
(2010)
















Methanol 300 300 5 51,28 1:271 CO2 none Kasim,	Tsai,	
Gunawan,	Ju	
(2009)
















26 Palm	oil Methanol 372 - 16 81,5 1:40 none none Tan,	Gui,	Lee,	
Mohamed	
(2010)
27 Palm	oil Ethanol 349 - 29 79,2 1:33 none none Tan,	Gui,	Lee,	
Mohamed	
(2010)
17.3  The experience of the COPIRIDE FP7 project
Within	the	COPIRIDE	project	(FP7	active),	Politecnico	di	Torino	has	gained	experience	in	the	complex	phe-








particularly	attractive,	since	 they	make	possible	 to	achieve	nearly	complete	conversions	 in	 less	 than	one	
minute	(Yu	et	al.	2010).
In	order	to	prove	the	supercritical	technology	for	the	production	of	biodiesel,	Politecnico	di	Torino	is	building	




Figure 27: Pilot-plant for continuous production of biodiesel for sub- and super-critical operations
















18. INTRODUCTION TO MEASURABLE ANALYSES
In	the	last	few	decades,	new	powertrain	technologies	and	alternative	fuels	have	been	proposed.	
There	are	several	reasons	behind	the	appropriateness	of	starting	the	transition	from	the	conventional	op-







































need	new transport infrastructures, to be considered with their “total cycle cost” in order to avoid 
the perspective, as it unfortunately happens, to be unable to maintain and upgrade the competitive-
ness of an existing infrastructure, loosing thereafter its traffic.
1 http://ec.europa.eu/enterprise/sectors/construction/studies/life-cycle-costing_en.htm
39
19. METHODOLOGY FOR THE WTW
The	Well	to	Tank	(WTT)	evaluation	accounts	for	the	energy expended and the associated GHG emit-
ted in the steps required to deliver the finished fuel into the on-board tank of a vehicle.	It	also	con-
siders	the	potential	availability	of	the	fuels,	through	their	individual	pathways	and	the	associated	costs.
The	Tank	to	Wheels	(TTW)	evaluation	accounts	for	the	energy expended and the associated GHG 



















Figure 28: Some CO2 emissions of ICE vs. EV PHEV












Moreover, in the automotive life cycle analysis, two cycles can be distinguished: the vehicle life cycle and 
the fuel life cycle. The vehicle life cycle includes material production, vehicle assembly, distribution, and 
disposal.
As mentioned, the fuel life cycle, which is also called well-to-wheels analysis, can be further divided into two 
important stages: the well-to-tank (energy consumption and emissions to extract raw materials, to transport 
them, to produce the desired fuel, to distribute the fuel to consumers, etc.) and the tank-to-wheels (energy 
consumption and emissions due to the use of the fuel in the vehicle). The energy consumption due to the 
fuel life cycle is in the range 80-93% compared to the total energy consumption. Therefore, in the present 
report, attention will be focused on the WTW analysis.
The	analysis	of	both	energy	efficiency	and	pollutant	emissions	can	provide	useful	conclusions,	which	solu-
tion	shows	a	clear	advantage	in	terms	of	primary	sources	exploitation	and	which	solution	allows	a	reduction	
of	the	pollutant	substances,	in	the	overall	fuel	cycle.	However, a good solution concerning energy aspects 























































































19.2  Well-to-wheels environmental indexes
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TC Truck TC Train TC Airplane
Truck	(WTT) 6284 0 271
Truck	(TTW) 22526 0 970
Train	(WTT) 0 2487 0
Train	(TTW) 0 8914 0
Airplane	(WTT) 0 0 102006
Airplane	(TTW) 0 0 389894
Sum 28809 11401 493140
[Megajoule]
Carbon Dioxide 
Greenhouse Gas, Climate change
TC Truck TC Train TC Airplane
Truck	(WTT) 0,25 0 0,01
Truck	(TTW) 1,65 0 0,07
Train	(WTT) 0 0,10 0
Train	(TTW) 0 0,65 0
Airplane	(WTT) 0 0 4,12
Airplane	(TTW) 0 0 28,59




TC Truck TC Train TC Airplane
Truck	(WTT) 0,97 0 0,04
Truck	(TTW) 18,76 0 0,18
Train	(WTT) 0 0,38 0
Train	(TTW) 0 10,04 0
Airplane	(WTT) 0 0 16,00
Airplane	(TTW) 0 0 76,88




Smog, damage to health
TC Truck TC Train TC Airplane
Truck	(WTT) 0,793 0,000 0,034
Truck	(TTW) 0,636 0,000 0,002
Train	(WTT) 0,000 0,314 0,000
Train	(TTW) 0,000 0,945 0,000
Airplane	(WTT) 0,000 0,000 13,698
Airplane	(TTW) 0,000 0,000 6,157
Sum 1,429 1,259 19,892
[Kilogram]
Sulphur Dioxide
Acidification, damage to health
TC Truck TC Train TC Airplane
Truck	(WTT) 2,287 0 0,099
Truck	(TTW) 0,052 0 0,002
Train	(WTT) 0 0,905 0
Train	(TTW) 0 0,021 0
Airplane	(WTT) 0 0 39,028
Airplane	(TTW) 0 0 9,076




TC Truck TC Train TC Airplane
Truck	(WTT) 0,124 0 0,005
Truck	(TTW) 0,307 0 0,002
Train	(WTT) 0 0,049 0
Train	(TTW) 0 0,276 0
Airplane	(WTT) 0 0 2,043
Airplane	(TTW) 0 0 1,716








out	taking	into	account	the	well-to-tank	emissions.	Therefore, Government policies should be based 
on the well-to-wheel emissions, i.e. the integration of WTT and TTW.
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If	we	observe,	on	the	base	of	some	European	experiences,	the impact on the operational cost of ener-














•	 Improved	land-use planning:	 lower	growth	in	passenger·kilometres	and	tone·kilometres,	by	improved	
land-use	planning	and	the	matching	of	jobs,	schools,	shopping	centres	and	transport	corridors	to	the	lo-
cation	of	residential	areas.	





•	 Development	of	alternative fuels and institution of administrative and regulatory measures.
2. Technological improvements:	should	be	primarily	focused	on	rail – including metros, tramways, rope-


















•	 Segregated lanes for public transport even operating on roads.
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4. Traffic Management 
•	 Intelligent	Transportation	System

































the use of a great variety of primary energies.	There	is	rather	broad	agreement	that	all	sustainable	fuels	
will	be	needed	to	resolve	the	expected	supply-demand	tensions.
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Figure 29: Energy pathways in transport and other sectors




Figure 30: A perspective on road vehicle traction and propulsion on the basis of WTW analysis, 
interaction of the prodiction with the territory and energy availability
(Politecnico di Torino, 2011)
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In	case	of	extended	use	of	electric traction,	the	problem	might	be	to	reverse	partially	to	the	electric	grid	a	
sector	which	weights	in	Europe	–	as	India	is	increasing	rapidly	in	the	same	direction	–	for	nearly	one third of 
the overall energy consumption and which aims to exit from the monopoly of that energy source that it 






We	may	synthesize	the	main	results	in	the	sentence:	use of lower personal energy in motorised mobility in 
order to reduce the fuel consumption per person and consequent emissions.	This	aim	can	be	pursued	either	
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